A novel bacterial strain, designated YIM 73061 T , was isolated from the Cholistan desert in Punjab, Pakistan, and characterized by using a polyphasic taxonomic approach. 16S rRNA gene sequence analysis revealed the highest levels of sequence similarity with respect to Phenylobacterium conjunctum FWC21 T (97.6 %), Phenylobacterium lituiforme FaiI3 T (97.4 %),
The genus Phenylobacterium, a member of the class Alphaproteobacteria, family Caulobacteraceae, order Caulobacterales, was first described by Lingens et al. [1] . Members of this genus are aerobic, Gram-stain-negative, non-motile, coccobacilli or cocci, non-spore-forming straight to slightly curved rods occurring singly or in pairs, and show a tendency to utilize phenyl compounds such as L-phenylalanine as carbon source. Recently, the description of the genus has been updated to include aerobic and facultatively anaerobic, motile and non-motile bacteria with an inability to utilize Lphenylalanine, antipyrine and chloridazon, with a DNA G+C content range of 64.0-72.3 mol% and having unidentified glycolipids [2] . At the time of writing, the genus Phenylobacterium contained 11 species with validly published names (http://www.bacterio.net/phenylobacterium.html). Members of the genus Phenylobacterium have been isolated from different environmental niches such as soil [1] , water [3, 4] , rotating biological contactor [5] , activated sludge [6] , compost [7] and blood [5] .
In the present study, we have attempted to isolate microorganisms from a desert in Pakistan to investigate the community structure based on a culture-dependent method. Strain YIM 73061
T was isolated and characterized by a polyphasic taxonomic approach, including phylogenetic analyses based on 16S rRNA gene sequences, genomic relatedness, and chemotaxonomic and phenotypic properties.
Strain YIM 73061
T was isolated from the Cholistan desert situated in south-west Punjab (42 27¢ N 60 57¢ E), Pakistan, using the serial dilution technique on R2A agar (per litre: 0.6 g peptone, 0.6 g yeast extract, 0.6 g glucose, 0.6 g casamino acids, 0.6 g soluble starch, 0.3 g sodium pyruvate, 0.3 g K 2 incubated at 37 C for 7 days. Colonies were picked and restreaked on R2A agar medium, and kept at 37 C, until purity was confirmed. The purified strain was routinely cultivated and stored as aqueous glycerol suspensions (20 %, v 
T , Phenylobacterium aquaticum W2- [3] [4] T and Phenylobacterium haematophilum CCUG 26751 T were grown under the same conditions and used as reference strains for phenotypic, chemotaxonomic and genotypic tests.
Morphological characteristics of strain YIM 73061
T were determined by light microscopy (BH2; Olympus) and transmission electron microscopy (JEM-2100; JEOL) after the cultures were grown on R2A agar medium at 37 C for 3 days. Gram staining was carried out by using the standard Gram reaction and was confirmed by using the KOH lysis test method [8] . Growth at different temperatures was tested at 10, 15, 20, 30 and 40 C in R2A broth medium. The salt tolerance limit for growth was observed with 0.5-5 % (w/v) NaCl in R2A broth medium at various concentrations (0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 and 5.0 %, w/v). The pH range (4.0-10.0, at intervals of 0.5 pH unit) for growth was tested in R2A broth medium using the buffer system as described by Xu et al. [9] . Nitrogen source utilization tests were carried out as described by Gordon et al. [10] and the ability to metabolize sole sources of carbon was tested with Biolog GEN III microplates, as recommended by the manufacturer (Biolog) and guided by the steps described by Mergaert et al. [11] . Determination of oxidase activity was carried out using 1 % (w/v) tetramethyl-p-phenylenediamine as described by Kovacs [12] . Catalase activity was tested using 3 % (w/v) H 2 O 2 by assessing bubble production as a positive result. H 2 S production, Tweens (20, 40, 60 and 80) and starch degradation, nitrate reduction, melanin production, hydrolysis of gelatin, milk peptonization and coagulation, and cellulose activities were observed as previously described [13] [14] [15] . API strips (API 20NE, API ZYM) were used to determine metabolic properties and some enzyme activities according to the instructions of the manufacturer (bioM erieux).
To test antimicrobial susceptibility, discs containing the following antibiotics were used: amikacin (30 Colonies were orange after 3 days of growth on R2A agar medium. Cells of strain YIM 73061
T were Gram-stainnegative, aerobic, motile and rod-shaped, 0.6-1.7 µm in diameter and 1.4-2.9 µm in length after 3 days of growth at 37 C on R2A agar medium (Fig. S1 , available in the online Supplementary Material). Strain YIM 73061
T grew at 20-40 C and pH 5.0-8.0 with optimal growth observed at 30-37 C and pH 7.0. Strain YIM 73061 T could tolerate up to 1 % (w/v) NaCl (optimum growth observed with 0-0.5 %, w/v, NaCl). The strain was positive for oxidase and catalase activities. It was positive for hydrolysis of aesculin and gelatin and also for melanin production but was negative for milk coagulation, H 2 S production, cellulose, and starch and Tweens (20, 40 , 60 and 80) degradation. Strain YIM 73061 T was resistant to cefuroxime sodium, ciprofloxacin, ethylhydrocupreine, erythromycin, novobiocin, norfloxacin, oxacillin, polymyxin B, penicillin G, pipercillin and sulfamethoxazole, but sensitive to amikacin, chloramphenicol, gentamicin, tetracycline and vancomycin. The phenotypic properties used for distinguishing strain YIM 73061 T from it closest related type strains are listed in Table 1 . The detailed physiological characteristics of strain YIM 73061 T are given in the species description.
For cellular fatty acid analysis, strain YIM 73061
T and the reference strains were grown on tryptic soya agar (TSA) plates at 37 C and harvested at the exponential growth phase, i.e. after 2 days. Fatty acid methyl esters were extracted, methylated and analysed by using the Microbial Identification System (Sherlock version 6.1; MIDI database: TSBA6) [16] . The major cellular fatty acids detected for strain YIM 73061
T were summed feature 8 (comprising C 18 : 1 !7c and/or C 18 : 1 !6c) (46.4 %), C 16 : 0 (27.9 %), C 19 : 0 cyclo !8c (5.3 %) and C 12 : 0 (4.5 %). The detailed fatty acid profile of strain YIM 73061 T is given in Table S1 .
Biomass used for chemical studies was obtained from cultures grown on R2A agar plates for 3 days at 37 C. Polar lipids were extracted, examined by two-dimensional TLC and identified using previously described procedures [17, 18] . The polar lipids of strain YIM 73061 T consisted of phosphatidylglycerol and four unidentified glycolipids (Fig. S2 ).
Quinones were detected as described by Collins et al. [19] . For the detection of isoprenoid quinones, strain YIM 73061 T was grown on R2A agar medium for 3 days at 37 C and collected cells were lyophilized for 24 h. Forty millilitres of chloroform/methanol (2 : 1, v/v) was added to lyophilized cells (100 mg) and the suspension was kept in a shaking incubator for 10 h at 37 C. Cells were then removed by filtration and the extract was evaporated to dryness under vacuum. One millilitre of acetone was added to the dried extract and TLC was performed in developing solvent consisting of petroleum ether/diethyl ether (85 : 15, v/v). Quinones were then detected on thin-layer chromatograms by irradiation with short-wave UV light. Chloroform was used to elute the quinone from the silica gel and subsequently analysed by HPLC, as previously described by Kroppenstedt et al. [20] . The major isoprenoid quinone of strain YIM 73061 T was ubiquinone-10 (Q-10), which is also the major respiratory quinone found in other members of the genus Phenylobacterium [2, 6] .
Extraction of genomic DNA and PCR amplification of the 16S rRNA gene sequence were performed as described by Cui et al. [21] and Li et al. [22] . The resulting 16S rRNA gene sequence was compared with available 16S rRNA gene sequences of cultured species from GenBank via the BLAST program and from the EzTaxon-e server databases (http:// www.ezbiocloud.net/identify [23] ). Phylogenetic analyses were performed using three tree-making algorithms, the neighbour-joining [24] , maximum-likelihood [25] and maximum parsimony [26] methods, by using the MEGA version 5.0 software package [27] . Kimura's two-parameter model was used to calculate evolutionary distance matrices of the neighbour-joining method and maximum-likelihood method [28] . The topology of the phylogenetic trees was evaluated by the bootstrap resampling method of Felsenstein [29] with 1000 resamplings. 16S rRNA gene sequence similarity calculations using the EzTaxon-e server indicated that the closest relatives of strain YIM 73061 T were P. conjunctum FWC21 T (97.6 %), P. 
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Rhizobium rhizoryzae J3-AN59 T (EF649779) of the family Caulobacteraceae (Fig. 1 ). This phylogenetic relationship was also supported in the trees generated with the maximum-parsimony and maximum-likelihood algorithms ( Figs S3 and S4, respectively) .
DNA-DNA hybridizations were carried out according to the fluorometric micro-well method [30, 31] . Fluorescence intensity was measured using a Fluostar Optima microplate reader (SPECTRA max GEMINIXPS) at a wavelength of 360 nm for excitation and 460 nm for emission [32] . Hybridizations were performed with eight replications. DNA-DNA relatedness values between strain YIM 73061 T and P. conjunctum LMG 24262 T , P. lituiforme FaiI3 T and P. composti 4T-6 T were 27.2±2.6, 24.6±1.1 and 18.4±3.1 %, respectively, values that are far below the 70 % cut-off value recommended for the assignment of a strain to a novel species [33] .
The genomic DNA G+C contents were determined by HPLC after enzymatic degradation [34] using Escherichia coli strain DH5a (DNA G+C content 50.8 mol%) as the reference. The genomic DNA G+C content of strain YIM 73061 T was 66.8 mol%, which lies within the range for recognized species of the genus Phenylobacterium (64.0-72.3 %) [2] .
Strain YIM 73061
T exhibited several physiological and chemotaxonomic characteristics of the genus Phenylobacterium: the ability to metabolize the aromatic amino acid L-phenylalanine for growth, ubiquinone-10 (Q-10) as the major respiratory quinone, a high DNA G+C content (66.8 mol%), summed feature 8 and C 16 : 0 as major fatty acids, and several unidentified glycolipids as major polar lipids. However, the characteristics of the strain did not completely match those of recognized Phenylobacterium species. Phenotypically, strain YIM 73061 T could be differentiated from other members of the genus Phenylobacterium on the basis of the orange colour of colonies, the presence of polar flagella and the ability to hydrolyse aesculin. The fatty acid profiles of strain YIM 73061 T and related reference type strains were similar, but there were differences in the proportions of some fatty acids. In particular, strain YIM 73061 T was characterized by having a considerable amount of C 19 : 0 cyclo !8c and C 12 : 0 (5.3 and 4.5 %, respectively) which are absent or present in trace amounts in closely related reference strains. Significant levels of some fatty acids, such as C 18 : 1 !7c 11-methyl and C 17 : 0 , were present in closely related reference strains but were absent from strain YIM 73061
T . The polar lipid profile of YIM 73061
T was similar to that of P. lituiforme DSM 14363 T in that phosphatidylglycerol and unidentified glycolipids were the major polar lipids, but it could be distinguished from the reference strain P. lituiforme DSM 14363
T by the nature and proportion of the differences between the other polar lipids (Fig. S5) . In particular, phospholipid as a major component and an unidentified lipid as a minor component, which were detected in P. lituiforme DSM 14363 T , were not detected in strain YIM 73061
T .
Based on the results from phylogenetic analysis, differences in phenotypic and chemotaxonomic characteristics and the low level of DNA-DNA relatedness with its nearest neighbours, strain YIM 73061 T should be considered as representing a novel species of the genus Phenylobacterium, for which the name Phenylobacterium deserti sp. nov. is proposed. 
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